Aims. Our goal is to investigate the properties of the circumstellar disks around intermediate mass stars to determine their occurrence, lifetime and evolution. Methods. We completed a search for circumstellar disks around Herbig Be stars using the NRAO Very Large Array (VLA) and the IRAM Plateau de Bure (PdB) interferometers. Thus far, we have observed 6 objects with 4 successful detections. The results towards 3 of these stars (R Mon, MWC 1080, MWC 137) were presented elsewhere. We present our new VLA and PdBI data for the three objects MWC 297, Z CMa, and LKHα 215. We constructed the SED from near-IR to centimeter wavelengths by adding our millimeter and centimeter data to the available data at other wavelengths, mainly Spitzer images. The entire SED was fitted using a disk+envelope model. In addition, we compiled all the disk millimeter observations in the literature and completed a statistical analysis of all the data. Results. We show that the disk mass is usually only a small percentage (less than 10%) of the mass of the entire envelope in HBe stars. For the disks, there are large source-to-source variations. Two disks in our sample, R Mon and Z CMa, have similar sizes and masses to those found in T Tauri and Herbig Ae stars. The disks around MWC 1080 and MWC 297 are, however, smaller (r out <100 AU). We did not detect the disks towards MWC 137 and LkHα 215 at millimeter wavelengths, which limits the mass and the size of the possible circumstellar disks. Conclusions. A comparison between our data and previous results for T Tauri and Herbig Ae stars indicates that although massive disks (∼0.1 M ⊙ ) are found in young objects (∼10 4 yr), the masses of the disks around Herbig Be stars are usually 5-10 times lower than those around lower mass stars. We propose that disk photoevaporation is responsible for this behavior. In Herbig Be stars, the UV radiation disperses the gas in the outer disk on a timescale of a few 10 5 yr. Once the outer part of the disk has vanished, the entire gaseous disk is photoevaporated on a very short timescale (∼10 5 yr) and only a small, dusty disk consisting of large grains remains.
Introduction
Herbig Ae/Be (HAeBe) stars are intermediate-mass (M∼2-8 M ⊙ ) pre-main-sequence objects. Since these objects share many characteristics with high-mass stars (clustering, PDRs), but are far closer to us and less embedded, the detection of circumstellar disks around these stars is crucial to the understanding of the massive-star-formation process. Herbig Ae (HAe) stars are the precursors of Vega-type systems: determining the frequency and timescales of the disks around HAe stars is therefore also important for planet formation studies.
Substantial theoretical and observational efforts have been carried out recently for the understanding of the disk occurrence and evolution in HAeBe stars (Meeus et al. 2001; Vink et al. 2002; Millan-Gabet et al. 2001; Acke et al. 2005) . On the basis of the different mid-infrared excesses, Meeus et al. (2001) proposed that disks around Herbig Ae/Be stars can be classified into two Groups that they interpreted in terms of different geometries: Group I sources with strong mid-infrared (20-100 µm) flux Send offprint requests to: t.alonso@oan.es excesses and Group II sources with modest infrared excesses. Group I sources have Chiang & Goldreich-like flared disks and Group II sources host flatter, self-shadowed disks. Leinert et al. (2004) confirmed this hypothesis on the basis of 10 µm interferometry data. While most HAe stars belong to Group I and are surrounded by disks similar to those in T Tauri (TT) stars, Herbig Be (HBe) stars are mostly found in Group II and seem to be surrounded by disks with a flatter geometry (Acke et al. 2005 ).
Although the existence of different types of disks is well accepted, whether this difference is due to the different characteristics of the central star (hotter stars produce flatter disks), or to different characteristics of the circumstellar matter (different grain opacities), or to an evolutionary link between flared, selfshadowed, and debris disks is not established. If the evolutionary scenario stands, the different geometry between disks in HAe and HBe stars is the consequence of a more rapid grain growth and a shorter dissipation timescale in the latter. The grain growth causes the optical depth of the disk to decrease and allows the UV radiation to penetrate deep into the circumstellar disk and photoevaporate the disk external layers (Dullemond & Dominik 2004) . Disks around HBe would flatten and lose a large fraction of their mass before the pre-main-sequence phase (<0.1 Myr).
One problem in discerning between the different scenarios is that most studies are based on the optical-NIR and mid-IR observations. Optical-NIR and mid-IR observations probe the region within a few AU around the star. In addition, since the disk is optically thick at these wavelengths, they only provide information about the disk surface and cannot be used to derive the disk mass. An obvious step towards the formation of planetesimals in disks is coagulation and growth of the submicron sized grains accreted from the proto-stellar envelope (Dominik et al. 2007) . Although the end results are plainly visible in our own planetary system, the details and mechanisms of dust evolution are not understood. The main problem is that the cooler, large grains do not emit significantly at infrared wavelengths. Only by observing the submm-mm range of the spectrum are we able to determine the sizes and properties of these large grains. Millimeter observations must be used to trace this more evolved grain component. Thus, imaging disks at mm wavelengths is required to trace the outer part of the disk and determine its mass and grain properties.
We have carried out a search for circumstellar disks around HBe stars using the NRAO Very Large Array (VLA) and the IRAM Plateau de Bure (PdB) interferometers to investigate the properties of the circumstellar disks around intermediate-mass stars and to determine eventually their occurence, lifetime, and evolution. Some results have already been published elsewhere (Fuente et al. 2003 (Fuente et al. , 2006 Alonso-Albi et al. 2007 , 2008 . In this Paper, we present new observational data (LkHα 215, Z CMa and MWC 297) that complete our survey and we provide a comprehensive analysis of all the data obtained thus far.
Observations

Selected sample
The list of observed sources is shown in Table 1 . Our sample was built according to the following criteria: Firstly, we included most well-studied Herbig stars with spectral type close to B0 in the northern hemisphere (R Mon, MWC 1080, MWC 137, MWC 297) . In a pioneering work, Natta et al. (2000) compiled the existing 1.3mm/2.7mm interferometric disk detections in HAeBe stars. By this time, only one disk had been detected in stars with spectral type earlier than B7-8. They proposed that this lack of detections could be due to a shorter dissipation timescale for the circumstellar disk in stars of spectral type earlier than B7. If the disk mass decreases with stellar spectral type, one expects to measure the minimum disk masses towards the most massive B0 stars. Secondly, we included some objects with spectral types between B7 and B8, where the transition between the TT-like and massive star disks, if it exists, is expected to occur. Additional criteria were the closeness to the Sun and previous detections with single-dish telescopes.
Millimeter and centimeter observations
Thus far, we have observed 6 HBe stars with 4 successful detections. The VLA and PdBI observations towards R Mon, MWC 1080, and MWC 137 were already reported by Fuente et al. (2003 Fuente et al. ( , 2006 . In this Paper, we present new VLA observations towards MWC 297 and Z CMa, and new PdBI observations towards LkHα 215, Z CMa and MWC 297. A summary of these observations, wavelength, beam, and date, is shown in Table 2 . The data were calibrated, mapped, and analyzed in the GILDAS software package. Continuum images at mm wavelengths have been produced by averaging the channels free of line emission after careful visual inspection. Natural weightings were applied to the measured visibilities producing the beams shown in Table 2 . Since the disks are expected to be unresolved by our interferometric observations, we used the peak flux to construct the SED. The measured peak fluxes are shown in Table  3 . The rms of the images are shown in Tables A.1, A.3, A.5, A.7, A.9 and A.11 .
Mid-IR observations
Four of the 6 sources in our sample have been observed at 24 µm either with MIPS or IRS onboard the Spitzer Space Telescope, namely MWC 1080, MWC 297, R Mon, and LkHα 215. We retrieved the post-basic-calibrated data (pbcd) for imagery and basic-calibrated data for spectroscopy (bcd). The pbcd files were used without additional processing. The bcd spectral mapping files were processed with the CUBISM software (Smith et al. 2007 ).
Results
Interferometric data
The results of our observations are shown in Table 3 . We detected emission at 1.3mm and/or 2.7mm towards 5 out of the 6 stars studied. Emission at centimeter (cm) wavelengths using the VLA array was detected towards Z CMa, MWC 297, MWC 137, and MWC 1080. In these massive stars, a significant fraction of the 1.3mm flux can be attributed to free-free emission instead of dust, thermal emission arising in the circumstellar disk. To estimate this contribution, we fitted the free-free spectral index at cm wavelengths and extrapolated the emission to millimeter (mm) wavelengths. In the case of MWC 137, all the flux seems to be due to free-free emission without any significant excess at 1.3mm and 2.7mm. In the other cases, there is some flux excess at mm wavelengths that can be interpreted as arising in a circumstellar disk. We show in Table 3 the spectral index between 1.3mm and 2.7mm interferometric observations. Two values are presented: the first represents the total observed fluxes and the second with the free-free emission substracted, i.e., the spectral index of the thermal, dust emission. The 1.3mm/2.7mm spectral index is quite low (<2.2) for all sources. As discussed in the following Sections, this low spectral index constitutes observational evidence of either optically thick dust emission or the presence of large grains in the disk midplane (see e.g. AlonsoAlbi et al. 2008). As we discuss in Sect. 5.7, the second possibil- ity is the most plausible in the circumstellar disks around R Mon and Z CMa.
In Table 3 , we also show the ratio of our interferometric fluxes to previous single-dish data. In most cases, the flux detected by interferometric techniques is far lower (<10%) than that detected by single-dish observations. This implies that the envelope emission dominates the single-dish flux at FIR and mm wavelengths in most HBe stars. For this reason, interferometric measurements are essential to estimating the true disk emission. Since interferometric observations are unavailable at all wavelengths, a disk+envelope model is required to fit the observed SED properly.
Observed SED
We reconstructed the entire SED towards our sample by completing our VLA, PdBI, and Spitzer photometry with the data available in the literature. At optical and NIR wavelengths, observations are heavily affected by extinction. To correct for this reddening, we substracted the standard B-V color corresponding to the spectral type of each star, as given by Johnson (1966) , to the observed B-V color. This color excess E was used to calculate the visual extinction A v = R v E assuming a ratio of total-toselective absorption of R v = 3.1 (Cardelli et al. 1989) . With these two parameters, we estimate the extinction corresponding to a particular observation using the parameterized extinction law of Cardelli et al. (1989) , which can be applied to wavelengths between 0.12 and 3.5 µm. The complete photometric set of values with the observed and dereddened fluxes for each source is presented in Appendix A.
Most HAeBe stars are well-known variable stars, a problem that is relevant to our case because we used photometry recovered from the literature in the past decades. The variability affects the B-V color and produces some additional uncertainty in the extinction estimates.
Model
As mentioned in Sect. 3.1, a two-component model is required to fit the observed SEDs. The disks were fitted using a passive, irradiated circumstellar disk model described by Alonso-Albi et al. (2008) allowing us to consider different grain populations for the midplane and surface layers. Grain populations were characterized by a silicate/graphite mixture, the maximum grain size (a max ), and the slope of the grain size distribution (p). The value of p was fixed to 3.5 and a standard grain mixture (SM: 86% silicate/14% graphite) were assumed for the midplane and sur- face layers. In two cases, R Mon and Z CMa, we were unable to obtain a reliable fitting with these assumptions and we needed to vary the grain mixture in the surface layer. These cases are discussed in detail in Sect. 5.7.
In the fitting process, we consider that the emission at wavelengths shorter than 10 µm and the fluxes measured by interferometric techniques (PdBI,VLA) arise only in the star/disk system. This is based on the folowing scientific arguments: Firstly, the dust emitting at ≤10 µm has a temperature of >300K. Assuming that the star is the only heating source in the region, the dust should be located at radii < 100-300 AU, which is the typical size of a circumstellar disk. Secondly, the spatial resolution of our interferometric mm and cm observations is usually below 1000 AU. It is, again, reasonable to consider that most of the emission detected with the interferometers arise in the disk, although a contribution from the envelope may also exist in some cases. The emission observed at mid-IR and FIR wavelengths (Spitzer, SCUBA) are, however, assumed to be the sum of the disk and the envelope components. This is consistent with the MIPS images at 24 µm, which show nebulous emission around MWC 1080, MWC 297, R Mon, and LkHα 215.
The envelope was modeled using a ray-tracing code. The dust mass, density law, and geometry were determined by the fitting procedure. Our aim was to fit the observed emission and the visual extinction towards the star. Since the visual extinction was determined by the amount of mass along the line-of-sight, it constrains the geometry of the envelope. As discussed in Sect. 5, the morphology of the continuum submillimeter and millimeter maps were also taken into account in constraining the envelope geometry. We modeled each envelope by considering two possible geometries, a sphere and a toroid. The dust temperature was assumed to be described by a power law, T (r) = T o (r/r o ) −0.5 , where the values of T o and r o depends on whether the envelope was shadowed or not by the inner circumstellar disk. In the non-shadowed case, typical of a sphere geometry, the effective temperature and radius of the star were used as values for T o and r o . In the shadowed case, typical of toroidal envelopes, we extrapolated the dust temperature in the disk midplane. The dust opacities in the envelope were assumed to be those reported by Ossenkopf & Henning (1994) for protostellar cores, using the standard MRN dust model with icy mantles. The resulting emission was convolved by the beam of the observations before being compared with the observed SED.
The goodness of fit was estimated using a dispersion parameter (χ) defined to be 
where F is the flux and the sum is extended for all detections in the SED dominated by the disk emission from 2 µm and beyond, and n the number of detections. In Table 4 , we show the best-fit (minimum value of χ) solution for each source.
Individual sources
R Mon
The SED towards R Mon is the only in our sample for which the first peak occurs at 4-5 µm instead of at 2 µm (see Fig. 1 ). As a result, the SED can be fitted by a Chiang & Goldreichlike model without the presence of an inner rim. However, an inner rim cannot be discarded because we lack of photometry between 2 µm and 3 µm, and extinction at these wavelengths is very high. The near and mid-IR part of the SED is well fitted by the emission of a circumstellar disk with r out ∼150 AU. The interferometric 1.3 mm and 2.7 mm data allow us to constrain the mass of dust and estimate the grain sizes. The dust mass in the disk around R Mon is found to be 1.4x10 −4 M ⊙ and grain growth has proceeded to sizes of ∼ 1 cm in the midplane (see Table 4 and Fuente et al. (2003 Fuente et al. ( , 2006 ). Fuente et al. (2006) and Alonso-Albi et al. (2007) demostrated the existence of a gaseous, flat disk around R Mon. The existence of large grains in the disk midplane is consistent with this geometry. Large grains produce a decrease in the dust opacity and a more rapid photoevaporation of the external layers of the gaseous disk.
The difference between the single-dish and interferometric fluxes at 1.3mm is clearly indicative of the presence of an envelope. Close et al. (1997) and Movsessian et al. (2002) inferred that the nebula illuminated by R Mon has an hourglass shape, and an inclination angle of ∼20
• with respect to the sky plane. The same kind of hourglass morphology is observed in the 12 CO 1→0 and 2→1 images reported by Fuente et al. (2006) . To model the envelope, we used a toroid with the same inclination as observed and shadowed by the inner disk. The available photometry includes Spitzer mid-IR observations with a beam size of 30 ′′ and JCMT observations from Mannings The disk emission is separated into three components: inner rim emission (magenta), surface layer emission (red), and the midplane emission (blue). Note that the disk around R Mon is fitted without the presence of an inner rim. The emission from the envelope is drawn in yellow. The free-free emission is shown in magenta. The disk emission and the disk+envelope emission appear as two continuous, black lines.
(1994) with a beam size of around 18 ′′ . We extended the envelope to cover the Spitzer beam size, using a temperature profile T (r) = 62(r(AU)/700) −0.5 K (see Table 6 ). The mass of dust in the envelope was found to be 0.008 M ⊙ . The density profile of the envelope was described by a power law with slope -1.4. This means that an important fraction of the mass is close to the inner radius of the envelope, which is found to be 700 AU. The dust temperature at this radius is 60 K.
Z CMa
Z CMa is a binary system with a HBe star and a FU Orionis companion. The most recent estimate of the stellar masses of Z CMa and its companion were 16 M ⊙ and 3 M ⊙ , respectively (van den Ancker et al. 2004 ). The available photometry only provides the combined emission of both components, with the exception of the observations by Koresko et al. (1991) which resolved the two stars. The optical observations shown in Fig.  2 should be considered to be a combination of both components. We fitted the optical observations by assuming that the HBe star contributes approximately 30% of the total flux (van den Ancker et al. 2004 ).
The SED of Z CMa is shown in Fig 2. The shape from near to far IR is flat with an abrupt slope in the emission beyond 100-200 µm. These two characteristics indicate that this is a massive, compact object. Obviously, the disk properties are difficult to derive and the existence of two circumstellar disks, one around each star, and/or a circumbinary disk cannot be discarded. We attempted to reproduce the NIR, mid-IR and FIR SED by assuming one single disk around the HBe star. We were unable to fit the IR SED by assuming a value of 16 M ⊙ for the stellar mass, but we obtained a reasonably good fit by assuming a stellar mass of 12 M ⊙ which is still consistent with being a Be star. On the basis of mainly our interferometric mm observations, we derive a mass of ∼7.0x10 −4 M ⊙ for the circumstellar dust. The 1.3mm/2.7mm spectral index was fitted most accurately with grains of maximum size ∼ 1 cm. The envelope around Z CMa is the most massive and compact in our sample (see Fig. 2 and Table 6 ), which may be interpreted as proof of the youth of this object. It is well fitted by a shadowed toroid of r in = 2000 AU, r out =5000 AU, and an inclination angle of 30
• . The abrupt slope in the sub-mm region implies that the envelope cannot be extended beyond an outer radius of 5000 AU. For this source, some measurements derived for different beams of fluxes at 450 µm, 850 µm, and 1.3 mm are available (Dent et al. 1998; Sandell & Weintraub 2001) . By fitting the observed flux by different beam models, we inferred a density slope of -0.6 for the envelope, a value close to the density slope of -0.7 found in the disk.
The derived extinction from the envelope model (Table A. 8) is 0 since the inclination of the toroid is small, 30
• , close to a pole-on view, and the star itself is visible through the conical cavity excavated by the outflow. However, by increasing the inclination to 50
• , the extinction increases to a value a factor of 10 higher than the observed value. An outer cold, spherical envelope could possibly account more accurately for the observed extinction.
MWC 297
At a distance of only 250 pc, MWC 297 is the closest star in our sample. It is highly reddened with a B-V color of 2.0, with no known binary companion. At optical wavelengths, a value of R v = 3.5 accounted for the extinction better than the value of R v = 3.1. At 2 µm, the SED is almost flat with a small prominence that could be interpreted as an inner rim (see Fig. 3 ). However, this feature is unclear. We obtained reasonably good fits by using a face-on disk (i ∼ 5
• ) model with an inner rim, or a highly inclined disk (i ∼ 80
• ) without an inner rim. On the basis of IR interferometric observations, Acke et al. (2008) proposed the existence of a low inclination disk (i less than 40
• ) with dust closer The observed SED and our model predictions for Z CMa. The different emission components are drawn following the color code described in Fig. 1 .
to the star than the dust sublimation radius. We selected the lowinclination solution to be consistent with previous near-IR interferometric measurements by Acke et al. (2008) . Since our model is based on hydrostatic equilibrium, it cannot account for the existence of dust closer to the star than the sublimation radius. In our model, we allow the rim temperature (T rim ) to vary between 1500 K (silicates sublimation temperature) and 2000 K (graphite sublimation temperature) and the inner radius is determined by T rim . The fact that the flux decreases at wavelengths longer than 10 µm implies that the circumstellar disk should be small. The most consistent fit is obtained with T rim ∼1800 K, an outer radius of only ∼28 AU, a density slope of ∼-0.77, and an inclination angle of 5 • ± 5
• . This small disk is optically thick at 1.3mm and, consequently, the dust mass and grain properties are not determined (see Table 5 ). We assume a max = 1 cm in the midplane.
The slope of the SED at mm and sub-mm wavelengths is inconsistent with that expected from an envelope with standard interstellar-medium (ISM) grains. The 1.3 mm/2.7 mm spectral index is also too low to be adjusted by thermal dust emission. The problem could be the different beam sizes of the interferometric observations at 1.3 mm and 2.7 mm. In the case that the emission at 1.3 mm and 2.7 mm is more extended than the beams, the measured 1.3 mm/2.7 mm spectral index would be affected by the different angular resolutions. To confirm this possibility, we compared our 1.3 mm flux with the previous measurement carried out with the SMA providing a beam of ∼3 ′′ (Manoj et al. 2007 ). Our flux 58% of the flux values measured by Manoj et al. (2007) , indicating that our 1.3mm observations resolve the 1.3mm emission. Thus, we adopted the flux measured by Manoj et al. (2007) to derive the 1.3mm/2.7mm spectral index. Even using this value, the derived spectral index was too low to be due to the ISM grains expected in the envelope. The spectral index was, however, more similar to that found in circumstellar disks, where grain growth occurred. This prompted us to consider the existence of a second disk component towards MWC 297. This second disk could be due to a binary companion, or a ring around the main disk. Since no binary companion was detected close to this star (at a distance of ∼ 0.7 ′′ or 180 AU), the second option is more likely. We found good agreement with observations by assuming a ring of large grains (∼ 1cm), a dust mass of 4x10 −4 M ⊙ , an inner and outer radius of 200 AU and 300 AU respectively, and a temperature profile T (r) = 125(r(AU)/200) −0.5 K. The JCMT map (bottom-left panel in Fig. 3) indicates that, in addition to the small disk and ring, there is a more extended envelope surrounding this object. Nebulous emission is also observed in the MIPS 24 µm image, suggesting that the star is still embedded in the molecular cloud. However, most of the emission at millimeter wavelengths (92%) indicates a small region (∼3 ′′ ) around the star (see Appendix A.7). This is consistent with our two-disk-component fit.
MWC 1080
MWC 1080 was classified as a B0 star. Its distance estimates ranged from 1000 pc (Eisner et al. 2004; Fuente et al. 2003 ) to 2100 pc (Acke et al. 2005) . We adopted the distance of 1000 pc, since it is far more consistent with the observed stellar emission after the extinction correction.
The SED towards MWC 1080 has a clear bump at 2 µm, indicating the presence of a rim with T d ∼1500 K (see Fig. 4 ). The dust temperature in the inner rim was determined from the peak at 2 µm. The mid-IR part of the SED was well fitted with a disk of r out ∼77 AU and an inclination angle of ∼80
• . This inclination angle is totally consistent with MWC 1080 being an eclipsing binary star, for which the amplitude in the variation of the apparent magnitude is wide (Grankin et al. 1992 ). The dust mass that better accounts for the 1.3 mm interferometric flux is found to be 5x10 −5 M ⊙ . The maximum grain size is not determined since we have not detected the disk at 2.7mm. We obtain a good fit for grains of ∼1 cm in the midplane.
The existence of an envelope is certain since the observed 1.3mm interferometric flux is a small fraction (1.3%) of the total flux measured with the JCMT. The interferometric 1.3 and 2.7mm images also reveal the existence of several clumps surrounding the circumstellar disk (see Fig. 4 and Fuente et al. 2003) . On the basis of the morphology observed in our interferometric images, we used a toroid with an inner radius of 6000 AU (6 ′′ at the distance of MWC 1080) to fit the envelope. The best fit solution for the envelope is a non-shadowed toroid of an outer radius of 12 000 AU (12 ′′ ). Our model fits all the SED points except the IRAS flux at 100 µm. This is unsurprising since the wide IRAS beam at 100 µm (∼2 ′ ) probably detects emission from the foreground molecular cloud.
The extinction estimate from the B-V color index is 40% higher than that predicted by our envelope model. This is also consistent with the scheme of the star+disk+toroid system immersed in a lower-density molecular cloud.
MWC 137
The SED of MWC 137 does not exhibit any evidence of disk emission at mm wavelengths. All the mm-cm fluxes can be fitted by a single component of spectral index α = +0.76±0.01. This spectral index is consistent with that expected in the freefree emission arising in the stellar wind. Although a value of α =+0.6 is expected for an ionized isotropic wind, small deviations of this value can be explained by a different geometry or a partially ionized wind. However, some excess is visible at IR wavelengths, which is suggestive of the presence of a small disk. Fuente et al. (2003) derived an upper limit to the dust mass of 7x10
−5 M ⊙ assuming that the disk is optically thin at 1.3mm, the free-free emission spectral index is +0.6, and standard values for the dust opacity and mean dust temperature (see Sect. 6). However, this value is quite uncertain since the disk is probably optically thick and the grain emissivity is unknown. We fitted the NIR part of the SED and obtained the best-fit solution (consistent with our mm observations) for a small disk of r out ∼18 AU and a dust mass of 10 −5 M ⊙ . The absence of a large disk ensure that the envelope is prominent in the SED. The envelope is modeled as an sphere extended between 5000 and 11 700 AU, with a dust mass of 0.005 M ⊙ (see Fig. 5 ). 
LKHα 215
We did not detected this source at mm and cm wavelengths. This implies an upper limit to the dust mass of 9.0x10 −5 M ⊙ , assuming optically thin emission and standard values of the dust temperature and emissivity. We modeled the entire SED to improve the upper limit to the mass of dust and to determine the envelope component (see Fig. 6 ). Our best fit, still although uncertain, solution is obtained for a disk with an outer radius of ∼10 AU and a mass ∼6x10 −8 M ⊙ . The envelope is described well by a dust mass of about ∼0.0015 M ⊙ , located between ∼3500 AU and ∼7200 AU.
Uncertainties in the disk mass and maximum grain size
The dust mass and the grain properties determined by fitting the SED are affected by important uncertainties. The most important assumption is that the dust emission is optically thin at mm wavelengths. This is the case for typical circumstellar disks of r out ∼ 100 AU and dust mass < 10 −3 M ⊙ . Only in the case of small disks, the 1.3mm emission could become optically thick.
We discuss R Mon as a representative case of an optically thin disk. Our best fit solution is for a disk with r out =150 AU and a dust mass of 1.4x10 −4 M ⊙ . This disk is optically thin at 1.3mm. A disk of this size needs to have a dust mass of ∼0.01 M ⊙ , i.e. a factor of 100 higher than our estimate, to become optically thick (τ 1.3mm ∼1). But in this case, the flux at 1.3mm would be more than one order of magnitude higher than the measured flux (see Fig. 7 ). In the optically thick case, the flux at 1.3mm depends only on the area of the disk projected on the plane of the sky and the dust temperature across the disk surface, F 1.3mm ∼ B λ (T s )πr 2 out cos(i). The only way of reconciling the predicted mm flux with observations is by reducing the size of the disk and/or changing the disk inclination. But in that case we obtain a deficient emission in the NIR and mid-IR range as it is illustrated in Fig. 7 . The same argument is valid for Z CMa.
A different case is the small disk surrounding MWC 297. In this case, the disk is optically thick and the derived mass is only a lower limit to the true disk mass. However, it is unreasonable to propose that the dust mass in the small and, probably, evolved disk around MWC 297 is larger than that within the less evolved disk around R Mon. One would expect that the mass of dust and gas in the disk decreases because of photoevaporation (see Sect. 6). Thus, our mass should be accurate to within an order of magnitude.
The SED towards MWC 1080 is well described by a partially optically thin disk as shown in Table 4 . But it can also be reasonably well reproduced by an optically thick disk with r out =50 AU and a dust mass ≥ 10 −3 M ⊙ . Following the same argument as for MWC 297, it is unreasonable to assume that the dust mass in this small disk is one order of magnitude larger than in the less evolved disk around R Mon and similar to those found in TTs. Thus, we keep the optically thin solution, although we are aware of the uncertainty in our analysis.
In the case of optically thin disks, we can learn about the grain properties from the 1.3mm/2.7mm spectral index. In the Rayleigh-Jeans region of the spectrum, the dust emission is ∝ ν (2+β) where β is the opacity index that can be accurately derived by fitting the observed SED. The value of β in the submmmm range is an excellent indicator of the grain size distribution (Draine 2006) . The grain size distribution is usually taken to be, n(a) = n 0 a −p for a < a max , where n 0 is a normalization factor, p is a parameter in the range 2.5-3.5, and a max is the maximum grain size. The value of β is between 1 and 2 for small grains (sub-micron-sized grains) but becomes lower than 1 when a max is a few mm. To have a value of β≤0.5, we need grains with a max ∼ 1 cm. This is the case for R Mon and Z CMa. However, there is some degeneracy between the index of the grain size distribution, p, and the value of the maximum grain size, a max . A slope p=2.5 means that a larger number of grains are closer to the maximum grain size than for a more typical slope of 3.5. By assuming p=2.5 we would reach the same values of β with grains slightly smaller. Even in this case, we would require grains with radii of nearly 1 cm, i.e. significant grain growth must have occurred in the disk midplane to have the values of β <0.5 that we obtain in our sources. We cannot determine grain Fig. 7 . Left: The SED of R Mon cannot be fitted assuming an optically thick disk. In this case, we obtain a large excess at mm wavelengths (green short-long dashed line). To reduce this excess, we can adjust the other disk parameters, such as the inclination angle or the outer radius, to reduce the effective surface of the disk. But in this case, we obtain a deficient emission at near and mid-IR wavelengths (blue dashed line). The red continuous line shows our optically thin solution. The lower-left chart shows the evolution in the dispersion parameter (χ). Right: The SED of R Mon and Z CMa cannot be fitted using a standard grain mixture (86% of astronomical silicate and 14% of graphite). The pink line shows our best fit for a non-standard mixture with 86% of graphite. With 100% of graphite the fit is still excellent, but slightly worse. When the fraction of silicates becomes important (50% or higher) the model is inconsistent with the observations. sizes larger than a few cm on the basis of mm observations. The 1.3mm/2.7mm grain opacity index tends asymptotically to 0 for a max > a few cm. In the case of optically thick disks, we cannot determine the grain size from the SED. We assumed a max ∼1 cm in the midplane for MWC 1080, MWC 297, MWC 137, and LkHα 215, since grain growth is expected to have proceeded in these more evolved disks.
The dust composition in the midplane cannot be inferred from the SED. For this reason, we assumed the standard mixture in all of our sources (see Table 5 ). The silicate feature at ∼9.8 µm provides, however, some information about the dust composition in the surface layer. In all of our sources, the silicate feature is weak or absent. The absence of this feature does not imply the absence of silicate grains but the lack of silicate grains at a temperature of ∼800 K. The silicate grains could be either too far from the central source and thus not heated to temperatures sufficiently high to allow emission in the mid-IR, or these grains could be too large to be heated efficiently. To investigate the second possibility, we tried to fit SEDs by assuming a standard dust composition and varying the a max in the surface between 0.1µm up to 100 µm. We were able to reproduce the disks around MWC 137, MWC 1080, MWC 297, and LkHα 215 (see Table 5 ), but failed to account for R Mon and Z CMa. In these cases, we needed to vary the dust composition to fit the mid-IR part of the SED. The most extreme case was R Mon in which the best fit solution was found for 86% of graphite in the surface layer (see Fig. 7 ). This result is, of course, limited by the simplicity of our model. A different disk geometry is expected in a thermal equilibrium disk. Alternatively, the dust composition and/or grain growth could vary as a function of the distance from the star. Determining the dust composition of the disk surface is, however, beyond the scope of this Paper, and, in addition, does not affect our results because the disk mass depends only on the dust composition and grain size in the midplane. Therefore, we do not discuss this point further.
The dust composition and maximum grain size in the midplane determine the value of dust emissivity at 1.3mm, κ 1.3mm , and consequently has an influence on the derived dust mass. Assuming a standard dust mixture and a max =1 cm, κ 1.3mm =0.88 g −1 cm 2 . This value is close to the canonical value of 1 g −1 cm 2 . For reasonable values of a max in disks, i.e. of between 1 mm and 1 cm, the value of κ 1.3mm varies by a factor of 2-3 from the canonical value. This is the uncertainty in the disk mass estimate due to the uncertainty in the grain size in the midplane.
Summarizing we conclude that our disk-mass estimates are accurate to within a factor of 2-3 in the optically thin disks around R Mon and Z CMa, and to within an order of magnitude for the optically thick disks around MWC 1080 and MWC 297. NIR interferometric observations by Eisner et al. (2007) and Acke et al. (2008) revealed the existence of hot dust in a region at < 1 AU from the star towards MWC 297 and MWC 1080. We are aware that our model is too simple to determine the properties of the disk in a few AU around the star. First of all, in our model, the inner radius of the disk is determined by the dust sublimation temperature that we assume to be between 1500 K (silicate sublimation temperature) and 2000 K (graphite sublimation temperature). We do not consider the possibility of the existence of dust closer to the star, as proposed by Eisner et al. (2007) and Acke et al. (2008) . Secondly, this extremely hot dust (at less than 1 AU) would emit radiation at <2 µm and the SED at these wavelengths is dominated by the emission of the stellar photosphere. Our model and method (SED fitting) are indeed inadequate to determine the properties of the innermost regions of the disk (r≤a few AU). NIR interferometric observations capable of separating the star from the disk are required to probe this region.
We conclude that the SED fitting technique is sufficiently robust to reproduce the global parameters (dust mass, grain growth) of the outer disks. We emphasize that our analysis describes reasonably well the SED for a wide range of wavelengths (3 µm-3.6 cm) with a consistent set of star, disk, and envelope parameters. Our results are also consistent with the morphology observed in the millimeter and mid-infrared images.
Discussion
Our cm and mm interferometric observations have provided valuable insight into the structure of the circumstellar matter around HBe stars. The first result is that HBe stars are usually surrounded by a massive envelope. The mass of the envelope is always larger than the mass of the disk and dominates the emission at FIR and millimeter wavelengths. Extended emission arising in the envelope is also observed in the MIPS images at 24 µm, which shows that the envelope emission significantly contributes to the SED even at mid-IR wavelengths. The existence of a nebula was also inferred for Spitzer images towards the A0 star VV Ser (Pontoppidan et al. 2007 ). Our observations corroborate that interferometric observations are required to derive the properties of the disks around these massive stars, and a disk+envelope model is essential when interpreting the SED.
We have different types of disks in our sample. Towards Z CMa and R Mon, we detected disks with sizes of r out >100 AU and dust masses of 10 −4 -10 −3 M ⊙ . These values do not differ from the estimated sizes of disks around TTs and HAe stars. Both of these disks were detected in the CO J=1→0 and J=2→1 rotational lines (Fuente et al. 2006 , Alonso-Albi et al. 2009 ). Z CMa is a controversial case. Its accretion rate of 10 −3 M ⊙ /yr (Hartmann et al. 1989 ) is one of the highest known around a premain sequence object, and Z CMa is surrounded by a compact, massive envelope and powers an energetic outflow (Poetzel et al. 1989) . It is probably the youngest object in our sample, and it probably contains the most massive disk. However, the dust emission could originate in a circumbinary ring and/or a disk associated with the FU Orionis companion.
The circumstellar disk around MWC 1080 is smaller (r out ∼80 AU) and less massive (5x10 −5 M ⊙ ) than those around Z CMa and R Mon. However, the envelope contains a significant amount of dust, which suggests that the star is still quite young. This disk has not been detected in the CO J=1→0 and 2→1 lines (Alonso-Albi et al. unpublished data).
MWC 297 is a special case because its disk consists of two components. The inner disk has a radius of 28 AU, similar to the more evolved sources discussed below, while the outer ring has a radius of 200 AU, more similar to the young disks around R Mon and Z CMa. The disk has not been detected by its CO J=1→0, J=2→1 (Alonso-Albi et al. unpublished data) nor J=3→2 (Acke et al. 2008 ) rotational line radiation.
Although the mass of dust in the circumstellar disk varies between one source and another (10 −5 -10 −3 M ⊙ ), the 1.3mm/2.7mm spectral index is low (<2.2) in all sources. This 1.3mm/2.7mm spectral index indicates that grain growth has proceeded to sizes of 1 cm even in the youngest sources of our sample, R Mon and Z CMa. As discussed later, early grain growth has important consequences for the evolution of the dusty disk. The non-detection at mm wavelengths of the disks around MWC 137 and LkHα 215 also implies the existence of compact (<20 AU) and/or presumably light disks (<0.001 M ⊙ ), if any, around these stars.
Disk masses around Herbig Ae/Be stars
To investigate the possible dependence of the disk mass on the stellar mass and age, we compiled a list of disks detected at mm wavelengths (1.1-2.7mm) around HAeBe stars (see Table  A .13). It is important to calculate the disk masses in a uniform way. We calculated all disk masses, including for our own sample, by assuming optically thin emission at mm wavelengths, an average disk temperature that depends on the stellar spectral type (Natta et al. 2000) , a dust opacity κ 1.3mm =1.0 cm 2 g −1 , and a dust spectral index β = 1.0. We subtracted the free-free contribution in the sources previously studied by our team (Fuente et al. 2003 (Fuente et al. , 2006 Alonso-Albi et al. 2008 ). Then we calculated the disk masses by assuming that all the 1.3mm/2.7mm emission originates in the dusty disk. To estimate the uncertainty in the disk masses derived in this "simple" way, we compared the disk masses for our sample with those previously derived by modeling the full SED in this Paper. The values agree within a factor 2-3, which suggests that our method is robust to within the statistical uncertainties.
We also calculated the mass and age of all of these stars using the evolutionary tracks of Siess et al. (2000) and the values of luminosities and effective temperatures found in the literature (see Table A .13). In some cases, the luminosities and effective temperatures were modified slightly (within the expected uncertainty) to fit the closest Siess et al. (2000) evolutionary track and the spectral type of each star. Stars with masses higher than 7 M ⊙ do not undergo a pre-main sequence phase and their ages cannot be estimated using the HR diagram. In these cases, we evaluated the age on the basis of different arguments. For Z CMa, we assumed an age of 0.05 Myr consistent with the time required to form a star of 16 M ⊙ with a mean accretion rate of 3x10 −4 M ⊙ yr −1 . This star could have been even younger if the accretion rate had remained close to 10 −3 M ⊙ /yr throughtout the formation process. MWC 137, MWC 297, MWC 1080, and R Mon are very likely young main-sequence objects. For these objects, we assumed that the age was lower than 1 Myr based on the post-main sequence tracks of Schaller et al. (1992) . For clarity and to differentiate them from other sources in which we have been able to estimate stellar ages, we plot them in the 0.1 Myr slot in the disk mass versus stellar age diagram.
In Fig. 8 (right panel) , we present the total disk masses (gas+dust) as a function of the stellar mass assuming a gas/dust ratio of 100. We can easily distinguish three regions in the plot. Firstly, for stars with masses of <3 M ⊙ , there is a cloud of points around a mean value of ∼0.04 M ⊙ . However, there are a few stars with light disks (<0.01 M ⊙ ). Secondly, in stars with masses of 3-7 M ⊙ , there is a group of massive disks (>0.1 M ⊙ ). Most of these disks masses were derived from 2.7mm observations and were probably overestimated because of the unsubtracted freefree emission. In the case of HD 142527 and VY Mon, the disk masses were derived from single-dish observations and we cannot discard the contribution of an associated nebula. Thus, these massive disks requires further confirmation. Thirdly, in more massive stars (>7 M ⊙ ), mainly our entire sample of HBe stars, the disk masses decrease by a factor 5-10 and become <0.01 M ⊙ . The only exception is Z CMa, a particularly young object as discussed above. Since it is a binary containing a 16 M ⊙ and 3 M ⊙ stars, the circumstellar disk could be associated with the lower mass component and/or a circumbinary disk. Another interesting case is MWC 297. If we consider only the inner disk, it is With green inverted triangles we represent the disk masses derived from 2.7 mm interferometric observations. In these stars the disk mass is probably overestimated because of the possible (and not subtracted) contribution of the free-free emission. The red circles correspond to single-dish 1.3 mm observations. The disk mass in these cases could also be overestimated because of the existence of an envelope. located in the region of the "light disks" (<0.01 M ⊙ ) related to massive stars. If we consider the sum of the two disk components, the disk mass is similar to those of the disks associated with HAe stars.
In Fig. 8 (left panel) , we show the disk masses as a function of the stellar age. We can also distinguish the three regions described above. The cloud of points of stars with masses <3 M ⊙ and disk masses ∼0.04 M ⊙ corresponds to stars of ages between a few Myr and 10 Myr. The most massive disks corresponds to stars of masses between 3-7 M ⊙ and ages of around 1 Myr. The circumstellar disks around stars with masses of >7 M ⊙ exhibit a large mass dispersion, ranging from >0.1 M ⊙ to <0.01 M ⊙ , i.e., two orders of magnitude, although mainly at the lower end of this range.
To attempt to understand this behavior, we recall that we only consider pre-main sequence (visible) objects. Thus, there is a lower limit to the age of the star that corresponds to the birthline and depends on the stellar mass. The upper limit to the stellar ages for our disk detections is given by the disk lifetime which probably also depends on stellar mass. For Herbig Ae stars with masses between 1-3 M ⊙ , this period (from the birthline until the disk disperses) corresponds to stellar ages of between a few Myr and 10 Myr. During this phase the disk mass does not vary significantly with stellar age. For stars with masses in the range 3-7 M ⊙ , this phase lasts from 10 5 yr to ∼2 Myr. For the most massive stars, >7 M ⊙ , once the star is visible the disk dispersal is so rapid that instead of having a cloud of points around a mean value, we have a large dispersion of the disk masses (2 orders of magnitude), and most of objects 
Disk photo-evaporation in massive stars
Different dynamical processes contribute to the dispersal of gas in circumstellar disks: viscosity, winds and jets, dynamical encounters with nearby stars, and photoevaporation by the central star and external illumination. The relative importance of these processes was discussed by Hollenbach et al. (2000) , who concluded that the dominant processes affecting disk evolution are viscosity in the inner regions (<10 AU) and photoevaporation at larger radii. Photoevaporation affects firstly the outer region of the disk, where the gravitational field is lower and the thermal heating can disrupt the disk (see e.g. the review by Alexander, 2007) . We can define a characteristic radius R g beyond which material evaporates and a gap opens in the disk. As soon as the gap opens, the direct photoevaporation disperses the gaseous disk from the inside to the outside in a few 10 5 yr. While the gas evolution is outlined above, the dust evolution is more difficult to predict and depends on the maximum grain size (Garaud 2007) . Particles are coupled to the gas by means of the frictional drag that depends on grain size. If the particles are far smaller than the mean free path of the gas molecules (λ m f p ), gas and grains are coupled. Assuming typical gas densities, the grains with sizes smaller than 1 µm remain coupled to the gas. Thus, if grain growth is ignored, the evolution of the solid particles relates to that of the gas and the dusty disk is rapidly dispersed once the gap is opened. However, if grain growth is taken into account the evolution of the dusty disk is different. Although small particles are blown away with the gas, the large particles remain forming a compact, dusty disk. Alexander & Armitage (2007) showed that there is a radius beyond which all solids are entrained in the gas. This radius is identified with the region where the maximum grain size is between 1-10 cm.
We propose that the presence of compact, dusty disks around most HBe stars is the consequence of rapid disk photoevaporation in these massive stars. Since the ionizing flux in HBe stars is higher than in the cooler HAe and TT stars, the timescale for disk photoevaporation is shorter. In Table 7 we show the characteristic gap radius and the photoevaporation rate for the stars in our sample calculated following Alexander (2008) . The massloss rate is about an order of magnitude higher in Be stars than in Ae stars. While VV Ser as an A0 star needs about 9 Myr to dissipate 1 M ⊙ disk mass, HBe stars disperse their gaseous disk on a few 10 5 yr. This time is so short that the star could dissipate the outer part of the disk before becoming visible. As soon as the outer disk is dispersed, the entire gaseous disk is dispersed on a short timescale. This is consistent with the lack of CO detection in the small disks, MWC 1080 and MWC 297, of our sample. One important result of our mm-wave analysis is that grain growth begins early in disk evolution, and grains have grown to sizes of ∼ 1 cm even before the star becomes visible. Thus, once the gaseous disk is dispersed, a compact, dusty disk formed by large grains remains. An interesting case is MWC 297 in which we find a small, circumstellar disk (r out =29 AU) and a remnant, outer ring with r in =200 AU and r out =300 AU. This second ring could be the consequence of the decrease in gas density outwards from the star centre. The grains entrained in the retreating gas are left behind when the gas density is too low for the drag force to push them away. MWC 297 could be an object in-between the young disks associated with R Mon and Z CMa and the compact, dusty disk surrounding MWC 1080 and presumably, MWC 137 and LkHα 215.
Additional support for the rapid photoevaporation of disks in HBe stars is found by Berne et al. (2008) on the basis of the PAH and small grains (VSG) emission in the surroundings of HBe stars. They suggested that the PAH/VSG emission from disks around B stars is absent. The observed emission emanates from the PDRs formed in the remnant of the parental cloud. They interpret this lack of emission as a sign that PAHs/VSGs have been photodissociated by hard UV photons in the disks. Since PAHs represent most of the UV optical depth, we conclude that this is also in good agreement with a scenario of photoevaporation in the disk around massive stars.
Conclusions
We briefly summarize the main conclusions of our study:
-We have carried out a search for circumstellar disks around HBe stars using the NRAO Very Large Array (VLA) and IRAM Plateau de Bure (PdB) interferometers. Interferometric observations are necessary to separate the disk from the surrounding envelope, although the disks themselves usually remain unresolved. Our goal is to investigate the properties of the circumstellar disks around intermediate mass stars to determine eventually their occurrence, lifetime, and evolution. Thus far, we have observed 6 objects with 4 successful detections. -Our first result is that the disk mass is usually only a small percentage (less than 10%) of the mass of the entire envelope. There are significant variations in the disk mass from source to source. Two disks of our sample, R Mon and Z CMa, have similar sizes to those found in TT and HAe stars. Z CMa is a FU Orionis object and cannot be directly compared with the others. The mass of the other large disk, R Mon, is a factor of 5 below that of an average HAe star. The disk around MWC 1080 is smaller (r out <100 AU) and less massive. Around MWC 297, we find an inner compact disk (r out ∼ 29 AU) and an outer ring at a distance of 200 AU. The 1.3mm/2.7mm spectral index indicates that grain growth has proceeded in all disks in our sample. -A comparison between our data and previous results in TT and HAe stars show that the masses of the circumstellar disks around HBe stars are on average 5-10 times lower than those around Herbig Ae stars. We propose that disk photoevaporation is responsible for this behavior. In HBe stars, the UV radiation disperses the gas in the outer disk on a timescale of a few 10 5 yr. Once the outer part of the disk dissapears, the entire gaseous disk is photoevaporated on a short timescale (∼10 5 yr), and only a dusty disk composed of large grains remains. 
